Objective To investigate the association between low free triiodothyronine (fT3) levels and the severity and prognosis of patients with acute myocardial infarction. Methods A total of 501 patients with acute myocardial infarctions were enrolled in our study. The circulating levels of thyroid hormones and clinical parameters were assayed. The patients were categorized into either the low fT3 group or the normal fT3 group according to the fT3 level on admission. All patients underwent a follow-up for 10±2 months for mortality from any cause and the occurrence of any adverse major cardiac events (MACE). Results There were 171 patients in the low fT3 group (fT3<3.5 pmol/L) and 330 patients in the normal fT3 group (! 3.5 pmol/L). During the follow-up period, 33 patients died (6.6%) and the overall survival rates were 86.0% and 97.3% in patients with a low fT3 level and a normal fT3 level, respectively. The rates of MACE were 66.7% and 45.5% in the patients with and those without low fT3 levels, respectively. Using a multivariable Cox proportional hazards model, the fT3 level was found to be the most important predictor of cumulative death and MACE (hazard ratio [HR] for death: 0.142, p<0.001 and HR for major adverse cardiac events: 0.748, p=0.007). A Kaplan-Meier analysis revealed that those patients with low fT3 levels had higher rates of MACE and death. Conclusion A low fT3 level, a common phenomenon in patients with acute myocardial infarctions, is a strong predictor of short-term and long-term poor prognoses in patients with acute myocardial infarctions.
Introduction
There is a close relationship between thyroid hormones (THs) and the cardiovascular system (1) . As the principal bioactive hormone, triiodothyronine (T3) exerts many effects on myocardial contractility, the resistance of arterioles in the peripheral circulation and cardiovascular hemodynamics through the modulation of the transcription of target genes in the cardiovascular system such as myosin heavy chain, phospholamban, sarcoplasmic reticulum Ca 2+ -ATPase, Na + / Ca 2+ exchanger and so on (2) . TH changes are always combined with changes in markers of cardiovascular hemodynamic instability, such as low fT3 levels, that are often observed in patients with cardiovascular diseases such as coronary artery disease (CAD) and heart failure. Inflammation, hypoxia and hemodynamic instability are considered to be the most important mechanisms underlying a low fT3 state (3) . In patients with acute myocardial infarctions (AMIs), inflammation and hypoxia are present in the heart and peripheral tissues, which are important mechanisms underlying the low fT3 levels. Therefore, there is a close relationship between low fT3 levels and AMIs. However, few studies have so far investigated the relationship between low fT3 levels and the prognosis of patients with AMIs. The purpose of our study was to investigate the association between low fT3 levels and the severity and prognosis of patients with AMIs.
Materials and Methods

Study population
The study protocol was approved by the hospital Ethics Committee. A total of 561 consecutive patients were diagnosed with AMI in the Department of Cardiology, Shanghai Tenth People's Hospital between June 2008 and June 2010. The diagnosis of AMI was made according to the guidelines of the ACC/AHA for the management of AMI, which include: typical chest pain, ST segment elevation or new left bundle branch block (LBBB) and troponin T (TnT) level elevation (4) . All of the patients underwent coronary angiography (CAG) to make a definitive diagnosis and to evaluate the severity of coronary artery disease (CAD). Patients excluded from this study were those with a history of thyroid diseases (n=5), abnormal serum levels of thyrotropic stimulating hormone (TSH) (n=7), a history of therapy with amiodarone (n=7), a history of heart failure (n=13) and the presence of any predominant severe systemic diseases (n= 28). The remaining 501 patients were included in this study.
Biochemical investigation
Blood samples were collected after overnight fasting during the first 24 hours after admission and stored at -80 . The serum glucose and lipid profiles were measured (HITACHI 912 Analyser, Roche Diagnostics, Germany) as indicated previously (5) . The levels of N-terminal Pro-Brain Natriuretic Peptide (NT-ProBNP) were measured with the Elecsys electro-chemiluminescent immunoassay (Roche Diagnostics Ltd. Rotkreuz, Switzerland).
We measured the serum levels of fT3, free tetraiodothyronine (fT4), thyroid stimulating hormone (TSH), total triiodothyronine (TT3) and total tetraiodothyronine (TT4) using chemiluminescence (Automatic Chemiluminescence Immune Assay System ACS 180 with related kits; Bayer, Berlin, Germany). The normal ranges for fT3, fT4, TSH, TT3 and TT4 are 3.5-6.5 pmol/L, 10.2-31 pmol/L, 0.35-5.5 mIU/ L, 1.2-3.4 nmol/L and 4-174 nmol/L, respectively, in Shanghai, China (6).
Coronary angiography
CAG was performed using a standard Judkins technique or through a radial approach. Significant coronary artery disease was diagnosed visually if luminal diameter narrowing " 50% was present in a major epicardial coronary artery. Left main coronary artery narrowing " 50% was considered to indicate 2-vessel disease (7).
Echocardiographic assessment
All patients underwent transthoracic echocardiography by means of an echocardiograph equipped with a broadband transducer (Vivid 7 , GE VingMed Ultrasound AS; Horten, Norway). Measurements of the left ventricle and left atrium were obtained from the parasternal long-axis and apical 4-chamber views, in accordance with standard criteria. The left ventricular ejection fraction (LVEF) was calculated using the modified Simpson rule in the apical 2-and 4-chamber views.
Follow-up
Follow-up began the day of TH evaluation. Follow-up data were obtained in the following three ways: reviewing the patients' hospital records, interviewing the patients via telephone and examining the patients in outpatient clinics. The primary endpoint was cumulative death (death from any natural cause). The secondary endpoint was the incidence of major adverse cardiac events (MACE), defined as any of the following: cardiac death, rehospitalization for heart failure, nonfatal myocardial infarction or severe angina for coronary revascularization. The definition of cardiac death required the documentation of significant arrhythmia or cardiac arrest, death attributable to congestive heart failure or myocardial infarction in the absence of any other precipitating factors. Deaths caused by accidents were excluded (follow-up censored at the time of death). The mean follow-up duration was 10±2 months.
Statistical analysis
Continuous variables are expressed as the mean ± standard deviation. Categorical variables are presented as frequencies. In the univariate analysis, continuous variables were compared using Student's t-test (if homogeneity of variances was assumed) or the Mann-Whitney test (if homogeneity of variances was not met). Categorical data were analyzed using the χ 2 or Fisher's exact test when appropriate. A linear regression analysis was performed to evaluate the relationship between the fT3 level and the NT-ProBNP level. Univariate and multivariate survival analyses were performed using the Cox proportional-hazards model to establish the combined risk of all causes of death and MACE for the variables assessed. Continuous variables (age, fT3, fT4, TT3, TT4, TSH, fasting serum glucose, TnT, NT-ProBNP, total cholesterol, high density lipoprotein, low density lipoprotein, serum creatinine, hemoglobin, white blood cells, C reactive protein, albumin, serum potassium, systolic/diastolic pressure, heart rate and LVEF) and dichotomized variables (sex and history of hypertension, diabetes or smoking) were entered into the model with their individual values or according to the presence (yes) or absence (no) of the variable, respectively. An automatic stepwise selection procedure using the maximum partial likelihood ratio χ 2 statistic (χ 2 test) to enter (p! 0.05 level) or remove (p>0.05 level) a covariate into the model was used. The Kaplan-Meier method was used to analyze the timing of death or MACE during the follow-up. The statistical assessments were performed with the log-rank test, with values of p<0.05 considered significant. The statistical analyses were performed using SPSS 13.0 (SPSS Inc., IL, USA) and a 2-sided probability level of <0.05 was taken to indicate significance. 
Results
Basic characteristics
Five hundred and one patients with an average age of 69± 12 years were enrolled in our study. There were 171 patients with a low level of fT3 and 330 patients with a normal level of fT3 according to the reference values. One hundred and fifty four patients in the low fT3 group and 296 patients in the normal fT3 group received reperfusion therapy by means of primary PCI or thrombolytic therapy. One hundred and forty-three patients in the low fT3 group and 273 patients in the normal fT3 group underwent CAG during the acute phase of AMI and the remaining patients underwent CAG just before discharge. There were lower percentages of men and patients with a history of smoking in the low fT3 group; however, the percentage of patients in a high Killip class (Killip classes>1) was higher in the low fT3 group. The low fT3 group exhibited higher white blood cell counts (10.44±2.80×10 9 /L vs. 9.67±2.84×10 9 /L, p=0.007), levels of C reactive protein (32.33±39.74 mg/L vs. 25.66±34.31 mg/ L, p=0.045) and heart rates on admission (78±12 beats per minute vs. 75±13 beats per minute, p=0.039) than the normal fT3 group. However, the levels of hemoglobin were lower in the low fT3 group (123.13±14.75 g/L vs. 126.73± 16.88 g/L, p=0.019). There were no significant differences in age, serum creatinine, lipid levels, fasting serum glucose, total protein, albumin, blood pressure on admission or history of hypertension or diabetes between the two groups ( Table 1) .
Differences in NT-ProBNP, TnT, LVEF and other parameters
We found a negative correlation between the level of fT3 and logarithm NT-ProBNP (lg NT-ProBNP) in the whole cohort (r=-0.319, p<0.001, Fig. 1 ). As indices of myocardial damage and predictors of prognoses in patients with AMI (8), the levels of TnT and NT-ProBNP were higher in the low fT3 group than in the normal fT3 group (5.33±5.77 ng/mL vs. 3.79±4.51 ng/mL; 5,234±6,634 pg/mL vs. 2,850± 4,089 pg/mL, respectively, all p<0.001). The length of hospital stay, an index of disease severity, was longer in the low fT3 group (14±6 days vs. 11±6 days, p<0.001). However, there were no significant differences between the two groups in the LVEF or other parameters ( Table 2) .
Severity of coronary artery disease
We assessed the severity of coronary artery disease according to the number of diseased vessels by means of ). However, there were no significant differences in the percentage of patients with two diseased vessels between the two groups. The low fT3 group showed a trend toward higher rates of left main trunk (LMT) lesions and lower baseline TIMI flow grades; however, the differences were not significant. In addition, the culprit vessels in the two groups were similar (Table 3) .
Correlation between fT3 and the primary endpoints
Five hundred and one patients were successfully followed up for 10±2 months. During the first 30 days, there were 13 deaths in the low fT3 group; however, no deaths occurred in the normal fT3 group. Twenty-seven patients in the low fT3 group and 26 patients in the normal fT3 group experienced MACE (15.6% vs. 7.9%, p=0.008). During the long-term follow-up, 117 (68.4%) patients in the low fT3 group and 183 (55.5%) patients in the normal fT3 group were rehospitalized for all causes, including cardiac and non-cardiac diseases (p=0.005). The mortality and incidence of MACE were higher in the low fT3 group than in the normal fT3 group (14.0% vs. 2.7% and 66.7% vs. 45.5%, respectively; all p<0.001) ( Table 4 ). According to a multivariate analysis, the fT3 level was the strongest independent predictor of cumulative death and MACE (hazard ratio [HR] for death: 0.142, p<0.001 and HR for MACE: 0.748, p=0.007) (Tables 5, 6). One year Kaplan-Meier survival curves for cumulative deaths and the incidence of MACE in patients with low versus normal fT3 levels are shown in Figs. 2, 3.
Discussion
A low fT3 level is a common phenomenon in patients with serious illnesses, including cardiovascular diseases. Accumulating evidence suggests that a low fT3 level is a strong predictor of a poor prognosis in patients with chronic cardiovascular diseases, including stable angina pectoris (9), chronic heart failure (10) and so on (11) . In this study, we found a high rate (34.1%) of low fT3 levels in the patients with AMIs, similar to that observed in other cardiovascular diseases (12) . The low fT3 group had a higher percentage of patients with three diseased vessels and a lower percentage of patients with a single diseased vessel. The serum levels of TnT and NT-ProBNP, which reflect the degree of cardiac injury, were higher in the low fT3 group. The mean hospital stay was also longer in the low fT3 group. These findings indicate that a low fT3 level is correlated with the severity of AMI. In the whole cohort, we found an inverse correla- tion between the level of fT3 and the logarithm of NTProBNP, a traditional predictor of poor prognoses in patients with AMIs, indicating that a low fT3 level would also be a predictor of a poor prognosis in AMI patients. We also found more endpoint events, including cumulative deaths and MACE, in the low fT3 group. Additionally, the KaplanMeier survival curves revealed that the prognoses were poorer in the low fT3 group than in the normal fT3 group. In a previous study, Friberg found a higher level of serum reverse T3 (rT3) to be a predictor of a poor prognosis in patients with AMIs; however, they did not find a predictive value for fT3 (13) . The reasons for the differences in results between our study and Friberg's study are not clear; however, improvements in treatment, the study populations and the histories of diseases might contribute to these differences. The mechanisms underlying the low fT3 levels observed in AMI patients are not fully understood. It is accepted that decreased conversion from T4 to T3 in peripheral tissues due to inflammatory factors, hypoxia and so on result in low fT3 levels. Inflammatory cytokines might also contribute to the incidence of low fT3 levels after AMI, as a negative correlation between the serum levels of fT3 and Interleukin-6 (IL-6) in AMI patients was found in a previous study (14) . IL-6 reduces type 1 iodothyronine deiodinase (D1) and D2 activity by inducing oxidative stress in peripheral tissues. At the same time, IL-6 can increase the transcription of D3 proteins by activating the JAK/STAT pathway. All of these changes decrease the conversion of T4 to T3 and increase the degradation of T3 (15) . Hypoxia in peripheral tissues is another factor contributing to the low fT3 levels. Increased hypoxia-induced factor-1 activates D3 in the heart and other tissues, which might contribute to lowering the fT3 level (16) . In addition, other factors such as decreased activities of TH binding proteins and the short T3 half-life might be associated with the low T3 level.
A low fT3 level increases the incidence of short-term and long-term adverse cardiac events through several pathways. Thyroid hormones exert direct effects on hemodynamics, including increasing cardiac contractility, decreasing vascular resistance and so on. A low fT3 state after AMI worsens hemodynamics and promotes adverse cardiac events. A low fT3 state after AMI changes the transcription of many cardiac structural and functional genes, for example, decreasing α-myosin heavy chain (α-MHC) and sarcoplasmic reticulum calcium-activated ATPase (SERCA2) mRNA and increasing β-MHC and phospholamban (PLB) mRNA (17) . These changes in the expression of cardiac genes are also characteristic of pathological cardiac remodeling after myocardial infarction (18) and lead to decreased contractility of the myocardium, inhibited Ca 2+ transport, a worsened diastolic function, calcium overload, myocardial stunning and reperfusion injury. Animal experiments also show that thyroid hormone replacement treatment can reverse the changes in the shape and geometry of cardiac myocytes that occur after AMI (19) . In addition, thyroid hormones are powerful regulators of vasculature in the adult myocardium; therefore, a low fT3 state would inhibit neovascularization in cardiac tissue after AMI, which would accelerate cardiac pathologic remodeling and heart failure (20) . THs have been shown to activate the pro-survival PI3K/Akt signaling pathway and suppress the pro-death P38/MAPK signaling pathway in cardiac cells following ischemia (21) . These changes in a low fT3 state would accelerate pathological cardiac remodeling and worsen the cardiac function, which would lead to shortterm and long-term adverse cardiac events.
Study limitations
This study found that determining the fT3 levels in patients with AMI is an important way to identify high-risk patients. However, there are some limitations that need to be acknowledged. First, the patients enrolled in this study came from a single center, which might limit the extrapolation of our results. This is particularly true when considering the homogeneity of the population with regard to race. Second, One year Kaplan-Meier survival curves for the incidence of MACE in patients in the low fT3 level and normal fT3 level groups. The Kaplan-Meier method was used to analyze the timing of the incidence of MACE during follow-up. The incidence of MACE was higher in the low fT3 group than in the normal fT3 group, p<0.001.
this was a retrospective study and was consequently not immune to different types of bias. In addition, this study did not measure the fT3 level during follow-up. Therefore, we do not know whether the fT3 level changed after AMI. In addition, whether replacing thyroid hormones and raising fT3 levels into the normal range could help to improve the outcomes of the patients in the low fT3 group is unknown. These problems require further investigation with prospective studies.
Conclusion
The incidence of a low fT3 level is high in the population of patients with AMIs, and a low fT3 level is a strong predictor of a short-and long-term poor prognosis in AMI patients. Therefore, it might have great significance to investigate the level of TH on admission in patients with AMIs, which would help cardiologists to recognize high-risk patients.
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